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Abstract 

Assessment of natural radionuclides in sea water and associated health risks have been done using 

NaI (TI) detector as a stable and reliable device for analysis of radionuclides. The result of activity 

concentration of radionuclides (40K, 238U and 232Th) in sea water showed that 40K has the highest 

value 180.40 Bql-1. The lowest value was recorded by 232Th due to it’s low solubility in water. The 

percentage mean activity concentration of radionuclides in sea water are; 85%, 11% and 4% for 
40K, 238U and 232Th respectively. The absorbed dose range between 0.473 nGyh-1 to 16.727 Gyh-1. 

The comparison of the results with world standard showed that the calculated absorbed dose, 

annual effective dose for different age categories and excess lifetime cancer risk value of the 

identified radionuclides are within the world recommended safe value. However, the annual 

effective dose of different age categories showed that the annual effective dose of infants is higher 

than the value in children, while the adults recorded the lowest value. Therefore, the study 

concluded that though, the environment has been impacted radiologically, but there are no 

immediate identified radiation health risks as a result of radionuclide activity concentration in sea 

water of the study area. 

 

1. Introduction  

Radionuclide contamination has been attracting much attention of researchers both nationally and 

internationally. Radioisotopes also, referred to as radioactive isotopes or radionuclides, are highly 

unstable atoms that possess excess nuclear energy. The presence of different types and quantities of 

radionuclides in every given space around man’s 'environment' is traceable to types and intensity of 

man’s interference with nature and natural causes due to interaction of radiation or energy with 

matter.  

The interaction of energy with matter in the environment can give rise to different effects which 

will in turn affect man and other living, and non-living matter therein. The natural environment is 

comprised of different components such as air, soil and water and their various types. Radionuclides 

as radiation sources are considered as one of the main sources of environmental pollutants. 

Radionuclides undergo radioactive decay and as such are found in nature, and can be artificially 

produced by man (UNSCEAR, 2018). The radionuclides found in the environment may cause 

harmful effects to man and the environment due to the fact that they possess excess energy as a 

result of their instability. This instability is what give rise to radioactivity or radioactive decay. 

Radioactivity is a function of radionuclides in any given environment which in turn are emitted into 

the environment by the use of x-rays and other ionizing radiation sources (WHO, 2020).  

Radiation sources that are used in industry and trade, and by oil and gas industries contribute to the 

quantity and activity concentration of radionuclides in a given environmental media, which can 

affect the environment and man as a result of their interaction with matter. 
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European Atlas of Natural Radiation EANR, (2023) revealed that drinking water may contain 

radionuclides that could present a risk to human health, but this risk is normally low compared to 

risk from microorganisms and chemicals. Usually, the radiation dose resulting from ingestion of 

radionuclides in drinking water is much lower than that received from other radiation sources. 

Naturally occurring radionuclides in drinking water usually result in radiation doses that are higher 

than those provided by artificially produced radionuclides and are therefore of greater concern 

(WHO, 2017, 2018: EANR 2023).  

Natural waters contain both alpha and beta emitters in widely varying concentrations which give 

relatively small contributions to the total dose received from natural and artificial radioactivity. 

Alpha activity is mostly due to dissolved uranium isotopes (234U, 235U and 238U) and 226Ra. The 

main source of gross beta activity in waters is 40K and short-lived daughters of 238U and 234Th (Forte 

et al., 2007: EANR 2023). Natural radionuclides can be found in ground and surface water as a 

result of either natural processes (for example, reaction with aquifer minerals and absorption from 

the soil) or technological processes involving naturally occurring radioactive materials (such as 

mining and processing of mineral sands or phosphate fertilizer production) (WHO, 2017). 

Anthropogenic sources of radioactivity in water include trans-uranium products like, 14C, 3H, 90Sr 

and 131I and other gamma emitters, released in controlled or authorized quantities from nuclear 

installations, medical or industrial facilities, or from past bomb-testing or nuclear accidents. The 

dominant radionuclides in ground and surface water that can pose a potential health hazard under 

natural conditions are 210Po, 210Pb, 210Bi, 222Rn, 226Ra and 228Ra in the 232Th series (WHO, 2017).  

Priasetyono et al., (2021) investigated natural and anthropogenic radionuclide concentrations in the 

Wakatobi and Kendari seas using a Gamma spectrometer (HPGe). The activity concentration of 
137Cs in both Wakatobi and Kendari range from BDL to 1.09 Bq m -3. The activity concentration of 

the natural radionuclides 226Ra, 232Th and 40K range from 10.45 to 36.35 l-1, 11.45 to 43.65 Bq l-1, 

and 46.6 to 325 Bq l-1 respectively. The study concluded that the monitoring results showed that 

both natural and anthropogenic; (226Ra, 232Th, 40K and 137Cs) indicate that they are within the world 

acceptable values and do not exceed the safe limit. 

 

2. Materials and Methods 

2.1 Study Area 

Nigerian Port authority Onne Port is located in Eleme along Ogu creek, Rivers state. The sea in 

Onne port as a part of Ogu River has harbour where ship berth under high level of security to offload 

containers, which are afterwards scanned with X-ray scanner. The sea in Onne port complex serves 

as a means of transportation for oil and gas industries, logistics, chemical and other allied industries. 

The port is strategically located in one of the largest Oil and Gas Free Zone in the world that is 

supporting exploration and production for Nigerian economic activities. The free zone provides a 

logistics oil service Centre for the oil and gas industry in Nigeria both onshore & offshore. It also 

provides easy access to the entire West African & Sub-Sahara oil fields. Onne port is a multipurpose 

cargo port and accounts for over 65% of the export cargo through the Nigerian sea port. There are 

multiple operations that are carried out in the port, in addition to oil & gas operations. Such 

numerous operations include general cargoes, oil well equipment, bulk cargoes (wet & dry), 

containerized cargoes and logistics services are provided to companies and customers or tenants. 

Onne port is highly industrialized with modern facilities and equipment, and enough land for 

development. The land area is about 2,538.115 hectares. The port is equipped with the biggest 

harbour mobile cranes (Liebherr 600) in Africa and with lifting capacity of 208 metric tons & 220 

Gmk 5220 grove twin cranes that has the capacity to lift a single load with 300 tons (NPA 2023). 

about:blank


 

 

International Journal of Applied Science and Mathematical Theory E- ISSN 2489-009X  

P-ISSN 2695-1908, Vol. 10 No. 5 2024 www.iiardjournals.org Online Version 

 

 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 48 

There are heavy industrial activities (oil exploration) due to the presence of crude oil (petroleum) 

in the area. 

The state’s geography is characterized by numerous rivers, including the Bonny River. These 

waterways play a significant role in the state’s transportation and commerce. These numerous 

rivers, including the Bonny River flow through onne. The onne sea port which is located in rivers 

State with Its capital and largest city, Port Harcourt, and it is economically important as the centre 

of Nigeria's oil and gas industry (Okeowo, 2022). Rivers State is bounded on the South by the 

Atlantic Ocean, to the North by Imo, Abia and Anambra States, to the East, Akwa Ibom State, and 

to the West by Bayelsa and Delta states. 

Rivers State is on Nigeria’s coastline and has a number of seaports. Prior to the discovery of oil in 

Rivers State, Agriculture was the mainstay of its economy. About 39 % of the state’s total land mass 

is suitable for crop cultivation. Basically, the vegetation is Tropical Rainforest and Monsoon. Rivers 

State also has a lucrative fishing industry, (NDBM, 2024). 

Rivers State is the 26th largest state by area in Nigeria. The state is made up of different zones of 

land surface and water zones, this is further divided into three zones namely; freshwater swamps, 

mangrove swamps, and coastal sand ridges (NDBM, 2024). 

However, the freshwater zone extends northwards from the mangrove swamps, and the land surface 

is generally less than 20 meters above sea level (NDBM, 2024). 

 

 
Figure 1: Map of Onne Sea Port Complex (Source: JEES; Ononugbo, C.P. et al, 2015) 

 

2.2 Method of Data Collection 

The method of data collection is observation method. The sea water samples were collected in white 

transparent plastic containers. Before the collection of water samples, the plastic containers were 

rinsed with the water which the containers were filled with afterwards. The water samples were 
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collected at various distances from each sampling point. The collected sea water samples were 

acidified after collection. 

 

3. Radiological Risk Parameters 

 

3.1 Radium Equivalent (Raeq) 

In order to effectively estimate the specific activities of 226Ra, 232Th and 40K, an index known as 

radium equivalent activity (Raeq) has been presented. This is to enable a single index to define the 

radiation hazards associated with mixture of the radionuclides. Raeq was calculated from equation 

(1) with an assumption that 370 Bqkg-1 of 226Ra, 259 Bqkg-1 of 232Th and 4810 Bqkg-1 of 
40

K 

produce the same gamma-ray dose rate (Ravisankar et al., 2014; Kolo et al., 2015). 

 

                           𝑅𝑎_𝑒𝑞 = 𝐴𝑈 + 1.43 𝐴𝑇ℎ + 0.077 𝐴𝐾                                                                (1)     

 Where AU, ATh and AK are the activity concentrations of 238U, 232Th and 40K respectively. 

Both external and internal gamma dose from exposure to radon and its daughter nuclides are related 

to Raeq (Ravisankar et al., 2015: UNSCEAR, 2018).       

 

3.2 Absorbed Dose Calculation  

The absorbed dose rate (D) which is a measure of the amount of energy from an ionizing radiation 

deposited in a mass of some material or tissue (small unit of Gray) was calculated. Contributions 

from other radionuclides such as 137Cs, 131I and 90Sr to total dose from environmental background 

were neglected in this calculation since they were assumed to be very insignificant. The absorbed 

dose rates D (nGyh-1) was calculated using equation 2, (UNSCEAR,2000;UNSCEAR, 2010; Jibiri 

and Okeyode , 2012):   

 

  D (nGyh-1) = (0.0090𝐴𝑈 + 0.0070𝐴𝑇ℎ + 0.028𝐴𝐾  )                                                 2 

Where AU, ATh, and AK are the activity concentration of 238U, 232Th, and 40K respectively in Bq l−1 

The dose conversion factors 0.0090, 0.0070, and 0.028 are expressed in (nGy.h−1Bqkg−1) as 

provided in the UNSCEAR, 2018 report.  

 

3.3 Annual Effective Dose Equivalent Calculation 

Annual effective dose rate is a measure of radiation risk associated with the air absorbed dose 

rate which represents the dose quantity of the stochastic health effects of low-level radiation on 

the human tissue. AEDE was calculated from D taking into cognizance two principal conversion 

factors provided by (UNSCEAR, 2000). 

             𝐴𝐸𝐷𝑚𝑆𝑣/𝑦 = 𝐴𝑐 × 𝐴𝑖 × 𝐶𝑓                         3 

Where; 

 Ac is the activity concentration of the radionuclide in Water (Bq L-1),  

Ai is the consumption per annum or annual intake of water and 

 Cf is the ingested dose conversion factor for radionuclides (SvBq-1), which varies for different 

radionuclides and the age of individual. 

Equation (3) above is used to calculate annual effective dose equivalent using the activity 

concentration of radionuclides in sea water. The annual effective dose values were calculated for 

three different age groups (0-1yr, 7-12yr, >17yr) i. e infants, Children and Adults. The annual intake 

of water for the three different age categories is extracted from the publication of World Health 

Organization (WHO, 2003). 
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3.4 Committed Effective Dose  

Committed effective dose is stochastic health risk due to an intake of radioactive material in the 

human body. The committed effective dose is a measure of the total effective dose received over 

an average life time of 50 years. However, the committed effective dose can only be calculated 

for adults. 

 

     𝐶ED =50 ×𝐷                                                                                         4  

Where D is the total effective dose to an individual.  

 

3.5 Excess Lifetime Cancer Risk (ELCR) 

The probability of occurrence of cancer in any given population for a given lifetime exposure is 

measured by the excess lifetime cancer risk (ELCR). ELCR was calculated from the estimated 

AEDE using the equation 2.14 (Qureshi et al., 2014):   

                                    𝐸𝐿𝐶𝑅 = 𝐴𝐸𝐷𝐸 × 𝐷𝐿 × 𝑅𝐹                                                          (5) 

 

Where; DL is the life expectancy of 56 years and RF is risk factor given to be 0.05 Sv-1 for stochastic 

effects (Taskin et al., 2009). 

 

Table 1: Radionuclides and their Ingested Dose Conversion Factor for Different Age 

Categories (IAEA, 1996) 

 

 

 

 

 

 

 

 
 
 

Table 2: Annual Water Consumption for Different Age Categories (WHO, 2003) 

Age 

Categories 

Annual Water 

Consumption (Lyr-1) 

0—1 200 

7—12 350 

>17 730 

 

 

 

 

Radionuclide Age Categories 

 

Infant 

(0—1) yr 

Sv/Bq 

Children 

(7— 12) 

yrs Sv/Bq 

Adult >17yrs 

Sv/Bq 

40K 6.2E-8 1.3E-8 6.2E-9 

238U 4.7E-6 8.0E-7 2.8E-7 

232Th 4.6E-6 2.9E-7 2.3E-7 
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4. Result 

 

Table 3: Activity Concentration of Radionuclides (40K, 238U and 232Th) in Sea Water Samples 

 

Table 4: Estimated Absorbed Dose, Annual Effective Dose and Excess Lifetime Cancer Risk 

due to Radionuclides in Sea Water  

 

S/N 

SAMPLE 

CODE 

(Bq/l)     

238U 232Th 40K 
Raeq 

D         

(nGyh-1) 

AEDE 

(mSvy-1) 

ELCR   

×10-3 

1 RW1 16.98 1.22 180.4 32.6154 16.01756 0.0982197 0.35089 

2 RW2 10.56 0.4 169.2 24.15963 12.23044 0.0749971 0.3437689 

3 RW3 BDL 0.01 0.9 0.08074 0.472928 0.0029 0.2624897 

4 RW4 8.83 8.78 161.4 33.81166 16.72744 0.1025727 0.01015 

5 RW5 7.78 BDL 32.14 11.68478 5.41 0.0331741 0.3590043 

6 RW6 12.19 2.19 44.28 18.73126 8.62418 0.0528835 0.1161094 

7 RW7 8.38 2.32 36.92 14.54044 6.75624 0.0414293 0.1850922 

8 RW8 3.2 1.47 72.95 10.91925 5.55842 0.0340842 0.1450024 

9 RW9 13.26 9.43 37.62 29.64164 13.61094 0.0834623 0.1192948 

10 RW0 13.44 3.98 72.95 24.74855 11.6128 0.0712097 0.292118 

MEAN 10.5 3.31 80.9 20.09334 9.70209 0.059493 0.218392 

 

 

S/N SAMPLE 

CODE 

K-40 

(Bq/l) 

U-238 

(Bq/l) 

Th-232 

(Bq/l) 

1. RW1 180.40±8.70 16.98±1.28 1.22±0.07 

2. RW2 169.19±8.47 10.56±1.31 0.40±0.02 

3. RW3 0.90±0.05 BDL 0.008±0.0005 

4. RW4 161.38±8.13 8.83±1.04 8.78±0.51 

5. RW5 32.14±1.63 7.78±0.96 BDL 

6. RW6 44.28±2.14 12.19±0.95 2.19±0.12 

7. RW7 36.92±1.85 8.38±1.01 2.32±0.13 

8. RW8 72.95±3.51 3.20±0.38 1.47±0.09 

9. RW9 37.62±1.90 13.26±1.45 9.43±0.54 

10 RW0 72.95±3.51 13.44±1.06 3.98±0.22 

Mean 80.87±3.99 9.46±0.94 2.98±0.17 
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Table 5: Annual Effective Dose for Different Age Categories due to Activity Concentration of 

Radionuclides in Sea Water, and Committed Effective Dose for Adults 

 

Age 

Categories Radionuclide 

Mean 

Activity 

Concentration 

(Bq/l) 

Radionuclide 

Ingestion 

Dose 

convertion 

factor 

Annual 

Water 

Consumption 

(l/yr) 

AED 

(mSv/yr) 

CED 

(mSvyr-

1) 

Infants 

40K 80.87 6.20E-08 

200  

1.00E-

03 

 

238U 9.46 4.70E-06 

8.89E-

03 

 

232Th 2.98 4.60E-06 

2.74E-

03 

 

      

1.26E-

02 

 

Children 

40K 80.87 1.30E-08 

350  

3.68E-

04 

 

238U 9.46 8.00E-07 

2.64E-

03 

 

232Th 2.98 2.90E-07 

3.02E-

04 

 

     

3.31E-

03 

 

Adults 

40K 80.87 6.20E-09 

730  

3.66E-

04 

0.90 
238U 9.46 2.80E-07 

1.93E-

03 

232Th 

  

2.98 

  

2.30E-07 

  

5.00E-

04 

2.80E-

03 
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Figure 2: Comparison of Estimated Radium Equivalent of 

Radionuclides in Sea Water Samples with World Standard
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Figure 4: Comparison of Estimated Annual Effective Dose of 
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5. Discussion 

 The activity concentration of radionuclides in the sea water samples showed that activity 

concentration of 40K, 238U and 232Th range between 180.40±8.70 Bql-1 to 0.90±0.05 Bql-1, 

16.98±1.28 Bql-1 to BDL and 9.43±0.54 Bql-1 to BDL respectively. While the mean activity 

concentration of 40K, 238U and 232Th in the sea water samples is 80.88 Bql-1, 10.51 Bql-1 and 3.31 

Bql-1 respectively. The activity concentration of radionuclides in sea water samples showed that 40K 

recorded the highest value of activity concentration, followed by 238U, while 232Th recorded the 

lowest activity concentration value. Thus, the percentage of mean activity concentration of 

radionuclides in sea water samples are; 85%, 11% and 4% for 40K, 238U and 232Th respectively. This 

highest activity concentration of 40K compared to other radionuclides as reported in this study is 

similar to the results obtained by Nimat et al, (2017), and Agyeman et al, (2019) in their studies. 

However, the mean values of activity concentration of radionuclides in this study are higher than 

the values recorded by the aforementioned studies. This high value is due to the use of linear 

accelerator (LINAC) in the study area which increases radiation burden of the environment therein. 

The effective activity concentration of radionuclides in sea water samples range between 34.0491 

Bql-1 to 0.08698 Bql-1, with a mean value of 20.3707 Bql-1. 

The range and mean value of estimated radium equivalent of radionuclides in sea water samples is 

between 33.81166 to 0.08074 Bql-1, and 20.09334 Bql-1 respectively. Samples RW3 and RW4 

recorded the lowest and highest values of radium equivalent due to radionuclides in water samples. 

The estimated radium equivalent value due to radionuclides in all the water samples is within the 

world recommended acceptable limit, this result is similar to the findings of Agyeman et al, (2019). 
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The absorbed dose of radionuclides in sea water samples range between 16.72744 nGyh-1 to 

0.472928 nGyh-1, with a mean value of 9.70209 nGyh-1. Samples RW3 and RW4 has lowest and 

highest values of radionuclide absorbed dose respectively. The values of absorbed dose in all sea 

water samples are acceptable, hence, within the world standard limit by United Nations Scientific 

committee on the Effects of Atomic Radiation (UNSCEAR). This result is in agreement with the 

result of Saif et al, 2017. 

The annual effective dose equivalent (AEDE) of radionuclide in sea water range between 0.0029 

to 0.1026 mSvy-1 with a mean value of 0.0595 mSvy-1.  The calculated values of annual effective 

dose equivalent of the sea water are within the world acceptable standard value. The calculated 

values of excess lifetime cancer risk of radionuclide in sea water range between (0.01015 to 

0.35089) ×10-3 with a mean value of 0.218392. About 30% of the samples have excess lifetime 

cancer risk values that are above the recommended world standard values.  

The annual effective dose for infants is higher than the annual effective dose for children and 

adults when compared with different age categories. This high level of annual effective dose of 

radionuclide in infants is due to the radiation burden of the environment of the study area, and 

their ability to absorb more radiation due to the high radiosensitivity of their organs. The annual 

effective dose for the 3 basic age categories (Infants, children and adults) that are compared with 

world standard indicates that the values are all within the world acceptable value by National 

Commission on Radiation Protection (NCRP). This high level of annual effective dose in infants 

compared to other age categories is in agreement with the result of Ibikunle et al., 2018. 

The committed effective dose for adults is within the recommended acceptable world value. 

 

6. Conclusion 

Assessment of natural radionuclides in sea water and associated health risks has been carried out 

using 10 sea water samples collected from the sea within Onne sea Port complex. The mean activity 

concentration of the radionuclides 40K, 238U and 232Th are; 80.9 Bql-1, 10.5 Bql-1 and 3.31 Bql-1 

respectively. While the mean absorbed dose of the radionuclides is, 9.70209 nGyh-1. The effective 

activity concentration of radionuclides (40K, 238U and 232Th) in sea water are not dangerous. The 

values of radium equivalent, absorbed dose and annual effective dose equivalent of the 

radionuclides in sea water are within the world acceptable values. 

These moderate or safe values of radionuclides recorded in the sea water are due to the dispersion 

nature of sea water and the adsorption of minerals within the medium. This is similar to the 

conclusion from a study by Priasetyono et al 2021. 

The activity concentration, absorbed dose and radium equivalent of radionuclides in the sea water 

are within the world acceptable standard limit. The values of annual effective dose for different age 

categories due to the identified radionuclides in sea water are low, though within the world limit, 

but the value in infants is higher than in children and adults. However, 40K radionuclide has the 

highest value of activity concentration compared to other radionuclides in the sea water. As such, 

the activity concentration level, and radiological health risks of radionuclides in Onne sea water do 

not pose an immediate radiation health risk. 

7. Recommendation 

Further research should be carried out using the aquatic animals and organisms from the sea 

water, and the result should be compared with other sea from other regions. 

 

 

 

about:blank


 

 

International Journal of Applied Science and Mathematical Theory E- ISSN 2489-009X  

P-ISSN 2695-1908, Vol. 10 No. 5 2024 www.iiardjournals.org Online Version 

 

 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 58 

References 

Adeleye. M.O., Musa. B., Oyebanjo. O., Gbenu. S.T. and Alayande. S.O., (2021). Activity 

Concentration of Natural Radionuclides and Assessment of the Associated Radiological 

Hazards in the Marine Croaker (Pseudotolitus Typus) Fish From Two Coastal Areas Of 

Nigeria. Science World Journal 15(2): 90-95. 

Avwiri, G.O, Alao. A.A. and Onuma, E.O., (2012). Survey of Terrestrial Radiation Levels of Onne 

Seaport, Rivers State, Nigeria. Asian Journal of Natural & Applied Sciences. 1(3): 107-114. 

Ayodele1 A.E., Ife-Adediran. O.O., and Arogunjo A.M., (2020). Radioactivity level of drilled well 

water across selected cities in Ondo and Ekiti states, Southwestern Nigeria and its radiological 

implications. International Journal of Radiation Research, 18:2 (351-358).  

Annals of the ICRP 26(1). ICRP Publication 72. Pergamon Press, Oxford; 1996. ICRP 

Compendium of Dose Coefficients based on ICRP Publication 60: ICRP Publication 119. 

Oxford: Pergamon Press: 2012:71 - 86.  

Bandar A. Al-Mur and Ahmed Gad (2022). Radiation Hazard from Natural Radioactivity in the 

Marine Sediment of Jeddah Coast, Red Sea, Saudi Arabia. Journal of Marine Science and 

Engineering. 10: 1145. 

Davies, O. A., Amachree, D. and Teere, M. B. (2019). Effects of Radionuclides in Aquatic Lives 

of Nigerian Coastal Rivers: A Review. International Journal of Research Studies in Science, 

Engineering and Technology, 6(2): 25-33. 

Epi Zita Tatiana Kocola Achi, Bogbé  L. H. Gogon, Koudou Djagouri and Marie C. K. Goffri 

(2022). Assessment of Radioactivity in Borehole Waters of the North Riviera Sodeci 

Catchment Field in Abidjan, Côte d’Ivoire. World Journal of Nuclear Science and 

Technology, 12, 55-68. 

Efenji, G. I., Egeonu E. K., Isah I., Onimisi S. F., Uloko, F. O., Nakale, J. A., Ayua, K. J. and Idris, 

M. O. (2022). Determination of Activity Concentration of Radioactive Elements in Borehole 

and Well Water Samples from Adankolo New Layout Lokoja. FUDMA Journal of Sciences. 

6(3): 160 – 166. 

Fan C., Honghui H. , Yi Shen, Zhan T. , Pengxiang Q., Ming D. , Hongwei Y. , Weixu H., Zixiang 

W., Huifeng C., Weizhen G., Yuxin J. and Yanbing L., (2023). Investigation on the 

radioactivity levels of seawater, sediments, and biota in Daya Bay, China. Radiation Medicine 

and Protection 4:165. 

Mgbemere, C.J., Ononugbo, C.P., and Avwiri, G.O, (2021). Assessment of Radionuclides in Some 

Fruits from Niger Delta, Nigeria and Its Health Risks. Asian Journal of Research and Reviews 

in Physics 5(3): 41-53.  

Nigerian Ports Authority NPA (2023). Report on the role of NPA in Nation Building.  

Ononugbo .C.P, and Mgbemere C.J .( 2016). Dose Rate and Annual Effective Dose Assessment of 

Terrestrial Gamma Radiation in Notre Fertilizer Plant. International Journal of Emerging 

Research in Management &Technology, 5: 9.  

Ononugbo, C.P., Avwiri, G.O. and Komolafe, E. T (2015). External Ionizing Radiation Exposure 

During Cargo/Vehicle Radiographic Inspection of Nigerian Ports Authority, Onne, Rivers 

State, Nigeria. Journal of Environment and Earth Science. 5:11.  

Priasetyono. Y., Untara , Makmur. M., Prihatiningsih. W.R., Yahya. M N, and Putra D.P., (2021). 

Baseline levels of radionuclides concentration in the sea of Wakatobi and Kendari. Earth and 

Environmental Science, 890. 

about:blank


 

 

International Journal of Applied Science and Mathematical Theory E- ISSN 2489-009X  

P-ISSN 2695-1908, Vol. 10 No. 5 2024 www.iiardjournals.org Online Version 

 

 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 59 

Renato G. G., Kelmo L. B., Ademir X. S., Samanda C.A. C., Wilson F. R., Mirta B. T. B., Raphael 

F.G. S., and Edson R. A. (2019). Study on Radiation Dosimetry and Radioprotection applied 

to seaport cargo inspection activity. Zacatecas, Zac. Mexico. United State 

 Nuclear Regulatory Commission NRC (2021). Dose rate. United State Environmental Protection 

Agency (EPA, 2023).  

Uyigue, L. and Achadu, M.A. (2019). Evaluation of Radionuclide Concentration from Soil and 

Water Samples Collected from Around a Solid Waste Dumpsite. Nigerian Research Journal 

of Engineering and Environmental Sciences 4(2): 1027-1034. 

UNSCEAR Report from 59th session May 2012, to UN General Assembly, (2012); Effects of 

ionizing Radiation.  

UNSCEAR (2009). Report of the United Nations Scientific Committee on the Effects of Atomic 

Radiation to the General Assembly, with scientific annexes, United Nations, New York. 

 UNSCEAR (2018). Sources and effects of ionizing radiation, Report of the United Nations 

Scientific Committee on the Effects of Atomic Radiation to the General Assembly, with 

scientific annexes, United Nations, New York.  

UNSCEAR (2000). Ionizing Radiation: Sources and biological effects report to the general 

assembly with scientific annexes. New York: united Nations.  

UNSCEAR: United Nations Scientific Committee on the Effects of Atomic Radiation (2022). 

SOURCES, EFFECTS AND RISKS OF IONIZING RADIATION. Report to the General 

Assembly, with Scientific Annexes Scientific Annex. United Nations, New York. 

Uddin S, Behbehani M, and Aba A, (2017). Naturally occurring radioactive material (NORM) in 

seawater of the northern Arabian Gulf – baseline measurements. Mar Pollut Bull. 123(1–

2):365–372. 

World Nuclear Association (WNA, 2015): Nuclear radiation and Health effect 

Wu M.L., Wang Y.S. and Gu J.D, (2015). Assessment for water quality by artificial neural network 

in Daya Bay, South China Sea. Ecotoxicology. 24 (7–8):1632–1642. 

 

about:blank

